INTRODUCTION
Food safety is an important issue for the agriculture industry. Use of antibiotics has significantly improved the health and production efficiency of food-producing animals; however, antimicrobial resistance is of concern. Antibiotic residues in meat consumed from foodproducing animals may potentially cause allergic reactions and alter the dynamics of microflora in the intestinal tracts of humans (Witte, 1998) .
Approximately 33% of beef production in the US is from market dairy cows (Smith et al., 1994b) . Current replacement rates in the dairy industry average between 30 and 35% annually. Common reasons for culling dairy cows include lower milk prices, decreased milk production, and poor health (Bascom and Young, 1998; Lehenbauer and Oltjen, 1998) . The National Animal Health Monitoring System's Dairy 2002 study showed a majority of cows were culled for udder health and reproductive problems (NAHMS, 2003) .
With the implementation of Hazard Analysis Critical Control Point programs in meat processing plants (Stefan, 1997 ), the quality of incoming market cattle has and must continue to increase. Violations of residue regulations occur >3 times as often in carcasses from dairy cows (1%) than from beef cows (0.3%) when using a multi-residue bioassay (FSIS, 2000) . Consequently, antibiotic residue violation in dairy cattle was the primary concern of industry representatives surveyed in the most recent National Market Cow and Bull Quality Audit (Roeber et al., 2001 ).
Research has indicated additional feeding of market cows can increase body condition score (BCS), carcass value, carcass characteristics (Jones, 1983; Apple et al., 1999) , and can potentially increase profits to the producer (Jones, 1983; Apple, 1999) . Increased fat cover also decreased bruising associated with transport (Smith et al., 1994a) . Additional feeding could decrease the possibility of antibiotic residue violations and increase carcass quality in market dairy cows. The objectives of this study were 1) to determine current on-farm management strategies for reducing antibiotic residues in market dairy cows, 2) to investigate the influence of additional feeding (30 or 60 d) of market dairy cows on carcass characteristics, and 3) to determine clearance of antibiotics in meat tissues of unhealthy dairy cows.
MATERIALS AND METHODS

Phase 1-Questionnaires
Questionnaires ( Figure 1 ) were mailed to 142 dairies (89% of total dairies in New Mexico) to obtain information on management strategies of market dairy cattle. Questionnaires inquired as to the number of lactating cows on the farm, average annual replacement (culling) rates, marketing preferences of excess dairy cattle, methods of maintaining individual cow medication records, common drug administration methods, and reasons for culling (i.e., poor milk yield, reproductive failure, mastitis). Producers also were asked if a specific feeding protocol was utilized for market cows prior to sale.
Phase 2-Additional Feeding Protocol
Seventy-seven non-lactating Holstein market cows were obtained from 4 commercial dairies (>1500 cows per dairy) and assigned randomly to serve as controls (no additional feeding; 0 d; n = 36) or to each of 2 feeding treatments (30 d; n = 21 or 60 d; n = 20). Cows were fed at the New Mexico State University Campus Farm, Las Cruces.
Prior to the experimental feeding period, all cows were weighed and assigned a BCS of 1 to 5, where 1 = emaciation to 5 = obese (Wildman et al., 1982) . Cows were blocked by BCS with 2 to 3 cows per pen. Cows were administered an oral probiotic gel paste (30 g; RXV-BP-1 Bovine, AGRIpharm, Grapevine, TX) containing a bovine-specific mixture of bacteria. Furthermore, cows fed for 30 or 60 d received intramammary treatment with cephapirin sodium (ToDAY, Fort Dodge Animal Health, Fort Dodge, IA) to minimize udder infections during the feeding period.
Using commodities commonly found on large commercial dairies in the Southwest, a TMR was formu- Table 1 ) and fed 2× daily. The grain mixture was purchased from a commercial feed company (HiPro Feeds, Roswell, NM), and the alfalfa was purchased locally. Bunks were visually evaluated prior to feeding, and the amount of feed was adjusted per pen intake with weighbacks (as-fed basis) recorded on a weekly basis. Ration samples were ground through a 2-mm screen in a Wiley mill before analyses for DM and CP. Percentage DM was calculated after drying for 24 h, and percentage CP was calculated using the Kjeldahl procedure (AOAC, 1990) .
Cows (n = 5 groups; 3 to 10 cows per group) used as controls (0 d; no additional feeding) were transported to Lonestar Packing (San Angelo, TX) from local dairies concurrently with cows after the designated feeding time (30 or 60 d). Carcass data collected included hot carcass weight (HCW); longissimus muscle area (LMA); percentage kidney, pelvic, and heart fat (%KPH); backfat; marbling; and fat coloring. Marbling scores were converted to a scale where 100 = practically devoid, 200 = traces, 300 = slight, 400 = small, 500 = modest, 600 = moderate, 700 = slightly abundant, 800 = moderately abundant, and 900 = abundant. Yellow fat was scored on a 5-point scale, where 0 = none to 4 = severe.
Phase 3-Antibiotic Withdrawal
To determine antibiotic residue withdrawal time from meat tissues, unhealthy (predominately mastitis) lactating dairy cows (n = 62) were administered procaine penicillin G (1 mL/45 kg BW i.m.; Pfi-Pen G; Pfizer Animal Health, New York, NY;10-d meat withdrawal). Visual appraisal of each cow by the farm manager was utilized to estimate BW and medication dosage at label recommendation. To test for antibiotic residues, urine was collected and tested with a β-lactam-specific ELISA (Meatsafe Residue Test; SilverLake Research, Monrovia, CA). A comparative urine and tissue test (n = 759 samples) between inspection via the Food Safety and Inspection Service and the ELISA test indicated a sensitivity of 100% and a specificity of 94% for the Meatsafe residue test (Geisberg, 1999) . Daily urine testing occurred from 2 d prior to label withdrawal time and continued until clearance of antibiotic residue was evident using the ELISA test.
Statistical Analyses
Results from Phase 1 questionnaires are reported as the percentage of producer responses to each question. Analyses of variance (SAS Inst., Inc., Cary, NC) were performed to determine the effect of feeding treatment 6. How are your cattle sold (i.e. on-the-rail, auction, etc.)?
7. What is the current price you are receiving for your cull animals (price/lb.)?
8. How many of your animals are condemned from the market over the period of a year?
9. Of your culled cattle that have been condemned, please give the reasons for condemnation (i.e. drug residue, cancer eye, downer cow, etc. SAS when protected by a significant (P < 0.05) treatment effect. Chi-square analysis, using the FREQ procedure of SAS, was used to determine the frequency of carcass condemnation. In Phase 3, cows exceeding the label withdrawal time and mean number of days exceeding the withdrawal time are reported as percentages.
RESULTS AND DISCUSSION
Phase 1-Questionnaires
Thirty-one percent (44 of 142) of dairy producers responded to questionnaires, representing 64,296 lactating cows, with an average herd size of 1461 cows. Average replacement rate (culling) was 33%. Producers reported the following predominant reasons for cows leaving the herd: poor milk yield (31%), reproductive failures (25%), chronic mastitis (13%), deteriorating locomotion (9%), and disease or other health problems (8%). Major reasons for culling cows from New York dairy farms were milk fever (47%), mastitis (33%), retained placenta (32%), and ovarian cysts (21%; Gröhn et al., 1998) . Bascom and Young (1998) reported reasons for culling to be reproductive failure (20%), mastitis (15%), and low milk yield (14%). The Dairy 2002 study (NAHMS, 2003) found a majority of cows were culled from the herd because of udder (27%) and reproductive disorders (26.5%).
Fifty percent of surveyed producers preferred to sell market cows to both auction barns and packing plants. Forty percent preferred to sell cows only to auctions, and 10% sold cows exclusively to the packer. Payne et al. (1999) reported 22% of California dairy producers sold cows directly to the processing facility. Decisions to liquidate market cows at either the auction or directly to the processing plants depended upon market prices and convenience (location relative to the dairy).
A majority (86%) of dairy farms responding to the questionnaire had at least one cow carcass condemned annually. Of cows sent to packers, condemnation rates ranged from 0 to 20% with an average of 5% condemned annually per dairy. Reasons given for condemnation were predominantly cancer (34%) and downer cows (26%), with occurrences of pneumonia (7%), peritonitis (5%), and other diseases (7%, e.g., mastitis, septicemia, Johnes, and edema). A survey of California producers reported 71% had a carcass condemned because of infection or illness during a 5-yr period (Payne et al., 1999) .
According to responses from the questionnaire, a majority of vaccinations (74%) were administered intramuscularly. Most vaccinations have dual administration routes (intramuscular or subcutaneous); however, producers surveyed utilized primarily intramuscular injection. The Dairy '96 study (NAHMS, 1996) revealed that 96% of dairy farms administered antibiotics to lactating and non-lactating cows with almost 44% of the injections administered intramuscularly. The most popular administration site was the upper hip and leg (NAHMS, 1996) . Although injection site lesions in the round muscle have decreased during the last few years, 34.5% of dairy carcasses still had at least one injection site lesion compared with a 20% incident rate in beef cow carcasses (Smith et al., 1999; Roeber et al., 2000) .
Fifty-seven percent of respondents utilized computerized medication records, 36% utilized handwritten records, and 7% did not maintain any medical records. A survey of California dairy producers indicated 35% maintained computerized medical records, and 71% utilized paper records for individual cow treatment records (Payne et al., 1999) . In that study, 2% of producers surveyed kept no medical records. Kellogg et al. (2001) reported that almost 88% of dairy farms averaging 13,368 kg of milk per cow/yr owned a computer. The Dairy 2002 study (NAHMS, 2003) revealed that a majority (74%) of producers utilized handwritten records, and 4.8% of producers surveyed did not maintain individual cow records.
No producer responding to our questionnaire had a specific feeding protocol for market cows prior to selling. Additional feeding of market cows can increase BCS, carcass value, and carcass characteristics (Jones, 1983; Apple et al., 1999) and can potentially increase profits to the producer (Jones, 1983; Apple, 1999) . Additional feeding may decrease antibiotic residue violations and increase carcass quality in market dairy cows.
Phase 2-Additional Feeding Protocol
Feed intake did not differ among feeding treatments (17.7 ± 1.4 and 17.3 ± 3.5 kg/d per cow for 30-d and 60-d cows, respectively). Body condition scores were not different in 30-d fed cows compared with 60-d fed cows (Table 2) . Schnell et al. (1997) reported a numerical increase in BCS of cows fed over 14 d, but cows fed for only 14 d experienced a decrease in BCS. In the current study, ADG was greater (P < 0.05) in 30-d fed cows than Means within a row with dissimilar superscripts differ (P < 0.05).
in 60-d fed cows (Table 2) . Matulis et al. (1987) reported ADG in beef cows increased between 29 and 56 d of feeding. The difference in ADG between treatments in our experiment may have been associated with increased gains during the first 30 d of feeding with lower gain efficiencies after the initial feeding period. Pritchard and Burg (1993) suggested that for beef cows to improve one USDA slaughter grade they would need to be fed an additional 60 to 100 d. Additional feeding did not influence carcass characteristics studied except %KPH, which was different (P < 0.05) among feeding groups (Table 3) . Similarly, Apple et al. (1999) observed %KPH to increase with increased BCS. Hot carcass weights, marbling scores, and LMA were not different among treatments. Schnell et al. (1997) found HCW, dressing percentage, and yield grades to increase with additional feeding up to 28 d, but these remained constant from 28 to 42 d and from 42 to 56 d of additional feeding. Hot carcass weight, marbling, and LMA increased linearly with increased BCS in beef cows (Apple, 1999; Apple et al., 1999) .
Backfat thickness and fat color did not differ among treatments (Table 3) . Schnell et al. (1997) showed fat color to whiten (yellow to white) when beef and dairy cows were fed for 28 d. Cranwell et al. (1996) found fat color to be whiter in beef cattle after 56 d of additional feeding. Differences in fat color between dairy and beef Scale for visual appearance of yellow fat (0 = no yellow fat to 4 = severe). breeds were probably due to increased concentrates in lactating dairy rations compared with beef rations. Pasture-fed cattle have an abundance of yellow fat compared with cows maintained in a dry-lot environment.
Although not significant, additional feeding numerically decreased the incidence of carcass condemnation in the current study. Condemnation rates were 8.3, 10, and 0% for 0, 30-and 60-d fed cows, respectively. Condemnations resulted from various conditions (e.g., lymphoma, septicemia, and pyemia) and were not the result of antibiotic residues. The 1998 Food Safety and Inspection Service condemnation report indicated epithelioma, lymphosarcoma, septicemia, pyemia, and pneumonia as the top 5 reasons for condemning carcasses (FSIS, 1999) . Seventy-one percent of California producers surveyed had a cow carcass condemned because of infection or illness during a 5-yr period (Payne et al., 1999) .
The economic feasibility of feeding cull cows is dependent upon the time of year cattle are sold and feed costs. (Table 1) were $2.34 resulting in a $1.11/d loss. Feed for this study was purchased at a commercial feed mill in small allotments, therefore increasing overall input costs. Purchase of large quantities of feed commodities should reduce feed prices. Furthermore, cattle in the current study were sold during December when prices are usually lowest. Data collected from 1995 to 2003 by the National Agricultural Statistics Service (NASS, 2003) of the USDA report seasonal effects on the selling price of market beef and dairy cows. Prices generally are lowest during November and December, whereas highest prices received for market cows occur during March, April, and May. The primary reasons for reduced prices during fall months are attributed to the sale of culled beef cows after weaning calves. Our results confirm the importance of minimizing feed costs when feeding market cows. Because of the variability of market cows to gain weight, additional feeding of cows may not always be economically feasible when only performance is evaluated. However, feeding of antibiotic-treated cows may ensure recommended meat withdrawal times are exceeded and may reduce antibiotic residue violations.
Phase 3-Antibiotic Withdrawal
Thirty-one percent (19/62) of cows treated with procaine penicillin G exceeded the 10-d label withdrawal (clearance) recommendation by an average of 3.1 ± 1.9 (2000) resulted from improper dosing and insufficient retaining of treated cows. It is common for unhealthy cows to have reduced feed and water intake. In addition, metabolism may be decreased in unhealthy cows and may partially explain why clearance exceeded the label withdrawal period in 31% of cows treated with procaine penicillin G. Furthermore, it is not common practice on a large, commercial dairy to weigh cows prior to administering medication, therefore increasing the possibility of over (or under) medicating cows and altering the expected withdrawal periods. Additional feeding of cows treated with procaine penicillin for 30 d, as in Phase 2, would have ensured that the antibiotic withdrawal times were exceeded.
On-farm, urine-based antibiotic tests are available to ensure only antibiotic-free cows are sent to slaughter. Recently, Nebraska researchers have developed a microbial inhibition test that determines the presence of antibiotics in urine (IANR, 2003) . Commercial antibiotic tests claiming 100% sensitivity and specificity were likely performed with a limited sample size or without appropriate representation (Gardner, 1997) . Furthermore, many evaluations performed in a laboratory setting typically overestimate the sensitivity and specificity of a test as compared with a more realistic field test. A test's qualitative outcome (positive or negative) will depend on the level of substance being tested (Gardner, 1997) . With microbial inhibitor tests, false-positives tend to be a common problem, whereas false-negatives are dependent on the sensitivity of the test organism to the antibiotic (Griffin, 2001) .
Dairy producers need to implement on-farm residual testing programs (meat and milk) to avoid introducing food-borne residues to consumers. However, dairy producers are unlikely to implement Hazard Analysis Critical Control Point testing programs voluntarily. Approximately 10% of the dairy producers in the US have volunteered to implement a 10-point Milk and Dairy Beef Quality Assurance Program to prevent antibiotic residues (Gardner, 1997) . Many of the antibiotic residue concerns involving the dairy industry could be decreased with proper medical record documentation, increased education, and the adaptation of national standards for milk and dairy beef (Cullor, 1997) .
CONCLUSIONS
Most dairy farms surveyed had at least one cow condemned annually, and no farm utilized a specific market-cull cow feeding protocol. Feeding market cows may not influence carcass characteristics, but can increase ADG. Furthermore, antibiotic-treated market cows may exceed recommended withdrawal times for meat and cause antibiotic residue violations at processing. Health and the ability to gain weight are extremely variable in market cows. Therefore, not all market cows are suitable candidates for additional feeding protocols; non-lactating cows are less efficient than lactating cows. Dairy producers should evaluate individual market cows and consider management strategies, such as additional feeding, when cost of feed is economically feasible, to decrease the incidence of carcass condemnation and antibiotic residues in meat tissues.
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